In this paper we present a novel semi-automatic framework for acquiring and maintaining fuzzy ontological knowledge in dialogue systems. The main goal is to narrow the vagueness interpretation gap between the systems and their users and thus offer better information services to the latter.
INTRODUCTION
In this paper we consider (limited-domain) dialogue systems that are used for interactive information search by human users and we focus on the problem of vagueness that may characterize the domain(s) these systems operate in. Vague terms and concepts like Expensive, Near, Modern etc., are quite common in human language and are typically characterized by blurry applicability boundaries [2] . As such their use in dialogue systems can become problematic when users and systems need to agree on their exact meaning.
To deal with vague terms we utilize Fuzzy Ontologies [1] , extensions of classical ontologies that allow the assignment of truth degrees to vague ontological elements. Thus, whereas in a traditional ontology one would claim that "Tiffany's is a moderately priced shop", in a fuzzy ontology one would claim that "Tiffany's is a moderately priced shop to a degree of 0.6". By using such fuzzy degrees, a dialogue system may be able to interpret better the user's vague requests and provide more accurate responses. Nevertheless, determining the Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. optimal fuzzy degrees that accurately reflect the vagueness of the domain is typically a bottleneck in the fuzzy ontology development process. To automate this task we propose a fuzzy knowledge acquisition framework which, by means of a dialogue game, elicits vagueness-related feedback from the users and uses it to generate and maintain a fuzzy domain ontology.
PROPOSED FRAMEWORK
We consider a fuzzy ontology to consist of Fuzzy Concepts, Fuzzy Relations/Attributes and Fuzzy Datatypes. Fuzzy concepts have instances that may belong to them to certain degrees (e.g. Goal X is an instance of StrategicGoal at a degree of 0.8 ), while fuzzy relations and attributes link concept instances to other instances or literal values to certain degrees (e.g. John is expert at Knowledge Management at a degree of 0.5 ). Finally, fuzzy datatypes are sets of vague terms which may be used within the ontology as attribute values (e.g. the terms cheap, moderate and expensive for the attribute price). Each term is mapped to a fuzzy membership function that assigns to each of the datatype's potential exact values a fuzzy degree indicating the extent to which the exact value and the vague term express the same thing (e.g. A restaurant with average prices of 25 euros is cheap to degree of 0.4 )
To learn the degrees of a fuzzy ontology we follow a middleout approach where i) we create and initialize a single fuzzy ontology for all users, ii) we use it within the dialogue-based system and collect from the users vagueness-related feedback through an appropriate dialogue game and iii) we use the feedback to update the initial fuzzy ontology and create user-specific versions of it. For the fuzzy ontology definition part we use the IKARUS-Onto methodology [1] while for the initialization one we consider for each ontological element the same initial values for all users. Then we use this ontology within our system and elicit user feedback about it, consisting of vague knowledge assertions like "70 euros for an anniversary dinner is not very expensive " (see table  1 ).
To elicit these assertions we define a dialogue game with rules on how the system should respond to user utterances ( figure 1) . Typically, such a dialogue starts with the user making a fuzzy query to the system (e.g. "I would like a cheap restaurant for my anniversary") which then uses the fuzzy ontology to provide a response. The system may then enquire the context of the request (e.g. "What is the occasion you want the restaurant for?") or respond to the user along with an explanation of why this result was retrieved (e.g. "I suggest restaurant X, it costs 20 euros per person").
Given an explanation, the user will either i) accept the response and proceed with the dialogue or ii) reject the response by also providing an explanatory assertion (e.g. "no, 20 euros is too much for me") or iii) reject the response without any explanation. In the second case the assertion is recorded and then used to give a new response to the user. If no particular context has been given, the system enquires about the possible existence of one. If the user provides a context, the assertion is stored with it, otherwise the default context is used. On the other hand, if no explanation is given for the rejection, the system just provides an alternative response.
Figure 1: Dialogue Game for Feedback Elicitation
After the feedback is collected, the update of the fuzzy ontology is performed. For fuzzy concepts and relations we transform the linguistic expressions of their relevant assertions into fuzzy degrees by following the methods defined in [3] . On the other hand, for vague datatype terms we derive the set of values that have been characterized with this term in the collected feedback and we determine the membership function of the fuzzy set that best describes this term by means of regression analysis on the value-strength pairs.
FRAMEWORK EVALUATION
We have tested and evaluated our framework by means of a dialogue simulation process in a restaurant-finding scenario where user requests often contain vague terms (e.g. "I would like a Chinese, reasonably priced restaurant near the University"). To do that we first defined and initialized a small restaurant fuzzy ontology, containing fuzzy elements like FineDiningRestaurant and RestaurantPrice. Then we created an agent-based platform where "user-agents" interacted (according to our dialogue game) with the "systemagent" for the purposes of restaurant finding. The systemagent was equipped with the above initialized fuzzy ontology while each user-agent had a (randomly generated) variation of this ontology (i.e. the same ontology but with different degrees) that reflected its own interpretation of the domain's vagueness. In overall, 100 user agents were generated and deployed, each having the task to make to the system 20 fuzzy requests. In the end of each dialogue, we used the acquired feedback to update the system's fuzzy ontology.
In the end of the process the system had learned a fuzzy ontology for each user, based on the corresponding feedback it managed to elicit from the dialogues. To assess the quality of these learned ontologies we measured, by means of a distance measure, how "close" they were to the ones representing the user's "actual" interpretations, i.e. the fuzzy ontologies randomly generated in the beginning of the simulation process and used to determine the users' responses throughout it. As figure 2 shows, the average distance of all users' learned fuzzy ontologies from their initial ones was reduced approximately 50%, thus verifying our framework's ability to narrow significantly the vagueness interpretation gap between the system and its users. 
CONCLUSIONS AND FUTURE WORK
In this paper we proposed a novel framework for (semi-) automatic acquisition of fuzzy ontological knowledge in dialogue systems that exploits the dialogical interaction paradigm to elicit vagueness-related feedback from the users and use it to learn a fuzzy ontology for each of them. In the future we intend to evaluate the framework with real users focusing on assessing the ability of the dialogue game to elicit the required feedback from the users.
